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Association Between Driving Distance From Nearest Fire Station
and Survival of Out-of-Hospital Cardiac Arrest
Steen M. Hansen, MD, PhD; Carolina Malta Hansen, MD, PhD; Christopher B. Fordyce, MD, MHS, MSc; Matthew E. Dupre, PhD; Lisa Monk,
MSN, RN, CPHQ; Clark Tyson, MS; Christian Torp-Pedersen, MD, DMSc; Bryan McNally, MD; Kimberly Vellano, MPH; James Jollis, MD;
Christopher B. Granger, MD; the CARES Surveillance Group
Background-—Firefighter first responders dispatched in parallel with emergency medical services (EMS) personnel for out-of-
hospital cardiac arrests (OHCA) can provide early defibrillation to improve survival. We examined whether survival following first
responder defibrillation differed according to driving distance from nearest fire station to OHCA site.
Methods and Results-—From the CARES (Cardiac Arrest Registry to Enhance Survival) registry, we identified non-EMS witnessed
OHCAs of presumed cardiac cause from 2010 to 2014 in Durham, Mecklenburg, and Wake counties, North Carolina. We used
logistic regression to estimate the association between calculated driving distances (≤1, 1–1.5, 1.5–2, and >2 miles) and survival
to hospital discharge following first responder defibrillation compared with defibrillation by EMS personnel. In total, 5020 OHCAs
were included in the study. First responders more often applied the first automated external defibrillators at the shortest distances
(≤1 mile) versus longest distances (>2 miles) (53.4% versus 46.6%, respectively, P<0.001). When compared with EMS
defibrillation, first responder defibrillation within 1 mile and 1 to 1.5 miles of the nearest fire station was associated with increased
survival to hospital discharge (odds ratio 2.01 [95% confidence interval 1.46–2.78] and odds ratio 1.61 [95% confidence interval
1.10–2.35], respectively). However, at the longest distances (1.5–2.0 and >2.0 miles), survival following first responder
defibrillation did not differ from EMS defibrillation (odds ratio 0.77 [95% confidence interval 0.48–1.21] and odds ratio 0.97 [95%
confidence interval 0.67–1.41], respectively).
Conclusions-—Shorter driving distance from nearest fire station to OHCA location was associated with improved survival following
defibrillation by first responders. These results suggest that the location of first responder units should be considered when
organizing prehospital systems of OHCA care. ( J Am Heart Assoc. 2018;7:e008771. DOI: 10.1161/JAHA.118.008771.)
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D efibrillation of out-of-hospital cardiac arrest (OHCA)patients by automated external defibrillators (AEDs)
before the arrival of an ambulance has the potential to increase
survival for those with shockable rhythms to 74%.1–3 However,
the high survival rates following early defibrillation are highly
dependent on early defibrillation within 3 to 5 minutes after
OHCA.3 Furthermore, the longer the delay before the applica-
tion of a defibrillator, the higher the risk that an initial shockable
rhythm has deteriorated to a nonshockable rhythm, limiting the
potential benefit of defibrillators and decreasing the chances of
survival.4–6 First responders who travel to an OHCA site
equipped with AEDs have the potential to provide AED coverage
in areas not easily covered by onsite AEDs, including residential
locations.7,8 Implementation of first responders as a supple-
ment to resuscitation performed by layperson bystanders and
emergency medical services (EMS) personnel has been asso-
ciated with improvements in early defibrillation, cardiopul-
monary resuscitation (CPR), and survival following OHCA.7,9–11
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However, limited knowledge is available about the relationship
between distance from theOHCA location to the first responder
location (fire stations), including how this distance may
influence outcomes. Understanding this relationship is impor-
tant for communities attempting to implement first responder
programs, as recommended by the Institute of Medicine.12
In North Carolina, firefighter first responders have been
integrated in the emergency care system available for dispatch
in parallel with the EMS in the event of medical emergencies,
including OHCAs.9,13 In nearly all cases, the firefighters are
dispatched from their home fire station. In this study, we
examined the association between driving distance from the
nearest fire station to the OHCA site and survival and favorable
neurological outcome following first responder defibrillation.
Methods
Study Design, Setting, and OHCAs
Using the CARES (Cardiac Arrest Registry to Enhance Survival)
registry, we included OHCAs from 2010 to 2014 from
Durham, Mecklenburg, and Wake counties in North Carolina,
United States. Each of the 3 counties have a major city
(Durham, Charlotte, and Raleigh, respectively) as well as
suburban and rural areas. In 2014, the 3 counties had a total
population of 2 203 435 inhabitants covering 22.6% of the
population in North Carolina.14
The CARES registry has been described previously.15,16 In
summary, the CARES registry contains OHCA information
collected from the 911 call centers, EMS, and receiving
hospital. Overall, the registry includes exact geographic
locations of 97% of the OHCAs.9 For this study the following
information was included: age, sex, who were the first to apply
an AED and potentially defibrillate the patient, who initiated
CPR, initial cardiac rhythm, location of OHCA, witnessed or
unwitnessed status, status at hospital arrival, time to
defibrillation, EMS and first responder response times, and
hospital data (survival to hospital discharge and Cerebral
Performance Score at hospital discharge). For all 3 study
counties, a complete case capture was available during the
study period.9 This project was conducted under the approval
of the Duke Institutional Review Board, with a waiver for
informed patient consent.
The data used in this study will not be made publicly
available to other researchers for purposes of reproducing the
results or replicating the procedure. The CARES surveillance
group needs to accept any use of the study data.
Fire Stations
Information on the location of each fire station with firefighter
first responders in Durham, Wake, and Mecklenburg was
collected from online publicly available databases and
reviewed in collaboration with fire department administrators.
Fire stations not operational in the study period were
excluded. Fire stations that became operational or were
closed during the study period were only considered for the
time they were operational. Furthermore, only fire stations
staffed with firefighters 24 hours per day and 7 days per
week were considered in this study (Table S1).
Socioeconomic Characteristics in Different
Locations
North Carolina census tract information from the Census
2010 and the American Community Survey 2010–2014 was
collected for each cardiac arrest in the CARES data set
including rate of unemployment, the poverty rate, and racial
distributions to evaluate the neighborhood characteristics for
each OHCA.17
EMS and First Responders
For the CARES registry, EMS personnel are defined as
personnel who respond to medical emergencies as an official
capacity (eg, respond to 911 calls) as part of an organized
medical response team and who is the designated transporter
Clinical Perspective
What Is New?
• This study examined whether shorter driving distances to
fire stations was associated with improved survival following
first responder defibrillation of out-of-hospital cardiac
arrests where firefighters function as first responders.
• The study included 5020 out-of-hospital cardiac arrests, and
first responder defibrillation within 1 mile and 1 to
1.5 miles of nearest fire station was associated with
increased survival (odds ratio 2.01 and odds ratio 1.61,
respectively) when compared with emergency medical
services defibrillation.
• At longer distances, survival following first responder
defibrillation did not differ from emergency medical services
defibrillation.
What Are the Clinical Implications?
• The importance of the location of first responder units and
optimal travel distance in order to provide effective early
defibrillation should be considered when organizing prehos-
pital systems of out-of-hospital cardiac arrest care.
• Future studies should examine how first responder initia-
tives could be combined with placement of publicly available
onsite automated external defibrillators to optimize early
defibrillation in different locations of out-of-hospital cardiac
arrest.
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of the involved patient to the receiving hospital. In the study
areas, EMS is provided by independent EMS agencies that are
unrelated to the fire department stations. EMS units are often
dispatched while mobile or utilizing flexible deployment
strategies. CARES does not record the ambulance location
at the time of dispatch. First responders are personnel who
are called to the emergency scene by emergency medical
dispatch centers as an organized team, but who are not the
designated transporter of the involved patient to the receiving
hospital.9,18 The EMS ambulance response units are usually
distributed to different locations on county road networks to
ensure a low average response time. During the study period,
the firefighter first responders in Durham County responded
from a fire station in 96% of all dispatches. This average
included 94% of dispatches during daytime and 98% of
dispatches during nighttime (Durham County Fire Depart-
ment, unpublished data, 2016).
Outcomes
The primary outcome measure was survival to hospital
discharge. The secondary outcome was survival with a
favorable neurological outcome defined as cerebral perfor-
mance category 1 or 2 at hospital discharge. Category 1
represented full recovery or mild disability and 2 represented
moderate disability but ability to function independently in
activities of daily living.19
Statistics
Categorical variables were presented as counts and percent-
ages, and continuous variables as medians with first and third
quartiles (Q1–Q3). To test for differences between discrete
categorical variables, a v2 test was used. For comparison of
medians, we used the Kruskal–Wallis rank-sum test.
For each OHCA in the 3 study counties, the driving
distance in miles from the nearest fire station to each OHCA
was calculated using the Esri business analyst road network in
the ArcGis 10.4.1 Network Analyst extension.20 Figure S1 is
an example for Durham County using randomly generated
points. The calculated driving distances were divided in 4
groups with cut values at 1, 1.5, and 2 miles. These cut values
were selected based on 25th, median, and 75th driving
distance percentiles (0.98, 1.46, and 2.12 miles, respec-
tively), and involved distances that were applicable to public
policy deliberations. Using logistic regression, the associa-
tions between the different driving distances and survival to
hospital discharge and a good cerebral performance outcome
were estimated. Both crude and adjusted analyses were
conducted. The adjusted analysis included age, sex, wit-
nessed arrest status, OHCA location (public or residential),
layperson CPR, year of arrest, and neighborhood
characteristics (unemployment rate, percentage of white
race, or other races, and poverty percentage). Odds ratios
with EMS defibrillation as reference were calculated and
presented using Forest plots. To evaluate the association
between driving distance from the OHCA site location from
nearest fire station and outcomes, restricted cubic splines
(knots at 1, 1.5, and 2 miles) were used to model the
outcome in a logistic regression with driving distance as a
continuous variable. Figure S2 is an additional model with
spline knots at 10th, median, and 90th percentiles. Trends in
survival and favorable neurological outcome at discharge
according to driving distances were tested using univariate
logistic regression.
We performed a sensitivity analysis where EMS response
time was added to the adjusted logistic regression model
using multiple imputation with 100 imputed data sets.21
Data management and analyses were performed using SAS
9.4 (SAS Institute Inc) and R.22
Results
In total, we included 5020 OHCAs as the study population
(Figure 1). Table shows baseline characteristics according to
different driving distances from the nearest fire station to the
OHCA site. No differences in age and sex at different
distances were observed. Most OHCA patients were male
(61.4%). Areas with the shortest distances to OHCAs from fire
stations had a higher percentage of poverty and unemploy-
ment compared with those with the longest driving distances.
Regarding racial distributions, longer distances were associ-
ated with higher percentage of whites. At shortest distances
from fire stations, OHCAs were more likely to occur in a public
location (31.7%) compared with OHCAs at the longest
distances (17.9%).
For OHCAs within the shortest distances (≤1 mile) to the
nearest fire station, first responders more often applied the
Figure 1. Flowchart showing the out-of-hospital cardiac arrest
study population. EMS indicates emergency medical service;
OHCA, out-of-hospital cardiac arrest.
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Table. Out-of-Hospital Cardiac Arrest Characteristics According to Different Distances From Nearest Fire Station
Variable ≤1 mile 1 to 1.5 miles 1.5 to 2 miles >2 miles Total P Value
Count, n 1324 1262 1009 1425 5020
Age, median [Q1–Q3] (y) 65.0 [53.8, 77.0] 66.0 [54.0, 78.0] 66.0 [54.0, 78.0] 65.0 [54.0, 76.0] 65.0 [54.0, 77.0] 0.65
Sex, male 795 (60.0) 759 (60.1) 621 (61.5) 908 (63.7) 3083 (61.4) 0.16
Percent white in local neighborhood,
median [Q1–Q3] (%)
43.8 [20.4, 73.9] 46.2 [16.5, 70.8] 49.2 [20.5, 72.3] 56.4 [29.8, 75.5] 49.4 [20.6, 73.7] <0.001
Percent black in local neighborhood,
median [Q1–Q3] (%)
33.7 [12.4, 53.9] 30.5 [13.2, 55.6] 26.9 [12.4, 51.2] 25.3 [10.0, 42.8] 28.1 [12.2, 50.9] <0.001
Percent of people in poverty, median
[Q1–Q3] (%)
15.9 [8.4, 28.6] 18.3 [7.3, 25.8] 14.0 [7.2, 23.5] 10.0 [5.1, 18.8] 14.3 [6.9, 23.6] <0.001
Percent unemployment, median [Q1–Q3] (%) 9.1 [6.3, 15.1] 9.2 [5.3, 14.4] 9.3 [5.4, 13.7] 8.2 [5.9, 12.2] 8.9 [5.8, 13.7] <0.001
Rural area, population cluster of <2500, N (%) 17 (1.3) 18 (1.4) 28 (2.8) 136 (9.5) 199 (4.0)
Urban cluster, population cluster of 2500 to
50 000, N (%)
22 (1.7) 10 (0.8) 5 (0.5) 12 (0.8) 49 (1.0)
Urbanized area, population cluster of >50 000,
N (%)
1285 (97.1) 1234 (97.8) 976 (96.7) 1277 (89.6) 4772 (95.1) <0.001
Who defibrillated first
Not defibrillated 894 (67.5) 879 (69.7) 676 (67.0) 929 (65.2) 3378 (67.3)
LP 34 (2.6) 48 (3.8) 29 (2.9) 30 (2.1) 141 (2.8)
FR 237 (17.9) 163 (12.9) 153 (15.2) 223 (15.6) 776 (15.5)
EMS 159 (12.0) 172 (13.6) 151 (15.0) 243 (17.1) 725 (14.4) <0.001
Who applied an AED first
EMS 541 (41.0) 568 (45.1) 472 (47.0) 709 (49.9) 2290 (45.7)
FR 705 (53.4) 576 (45.7) 480 (47.8) 662 (46.6) 2423 (48.4)
LP 74 (5.6) 116 (9.2) 53 (5.3) 50 (3.5) 293 (5.9) <0.001
Missing 4 2 4 4 14
Who initiated CPR first
EMS 155 (12.0) 141 (11.4) 129 (13.1) 197 (14.0) 622 (12.7)
FR 581 (45.1) 466 (37.6) 413 (42.1) 527 (37.5) 1987 (40.4)
LP 553 (42.9) 633 (51.0) 439 (44.8) 681 (48.5) 2306 (46.9) <0.001
Missing 35 22 28 20 105
Layperson CPR
No 771 (58.2) 629 (49.8) 570 (56.5) 744 (52.2) 2714 (54.1)
Yes 553 (41.8) 633 (50.2) 439 (43.5) 681 (47.8) 2306 (45.9) <0.001
Witnessed status
Unwitnessed 780 (58.9) 750 (59.4) 589 (58.4) 763 (53.5) 2882 (57.4)
Witnessed 544 (41.1) 512 (40.6) 420 (41.6) 662 (46.5) 2138 (42.6) 0.005
Survival until discharge
Yes 176 (13.3) 132 (10.5) 91 (9.0) 152 (10.7) 551 (11.0)
No 1148 (86.7) 1130 (89.5) 918 (91.0) 1273 (89.3) 4469 (89.0) 0.008
Status at ED arrival
No pulse at ED arrival 901 (68.1) 877 (69.5) 706 (70.0) 986 (69.2) 3470 (69.1)
Pulse at ED arrival 423 (31.9) 385 (30.5) 303 (30.0) 439 (30.8) 1550 (30.9) 0.77
Continued
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first AED than at the longest distances (>2 miles) (53.4%
versus 46.6%, respectively, P<0.001). At the longest dis-
tances, EMS more often applied the first AED (49.9% at
longest distances versus 41.0% at shortest distances). CPR
performed by laypeople before the arrival of first responders
or EMS was more likely at longer distances than shorter
distances (P<0.001). At shortest distances, first responders
arrived before EMS in 71.2% of cases compared with 60.3% at
the longest distances (P<0.001).
We observed faster first responder response times at the
shortest distances from fire stations compared with the
longest distances (5 minutes [Q1–Q3 4.0–6.8] versus
7.6 minutes [Q1–Q3 6.2–9.3], P=0.006). Trends in EMS
response time and time to defibrillation showed a shorter time
at the shortest distances from fire stations compared with
longest distances.
Overall, there was a limited delay between the dispatch of
the first responder compared with EMS personnel.
Survival to Hospital Discharge and Favorable
Neurological Outcome at Hospital Discharge
Figure 2A shows the crude and adjusted association between
first responder defibrillation at different distances to fire
stations and survival to hospital discharge. In crude analysis,
first responder defibrillation within 1 mile and 1 to 1.5 miles
Table. Continued
Variable ≤1 mile 1 to 1.5 miles 1.5 to 2 miles >2 miles Total P Value
Neurologic status at discharge
Favorable neurological outcome 158 (11.9) 118 (9.4) 74 (7.3) 133 (9.3) 483 (9.6) 0.002
Location
Residential 904 (68.3) 904 (71.6) 834 (82.7) 1170 (82.1) 3812 (75.9)
Public 420 (31.7) 358 (28.4) 175 (17.3) 255 (17.9) 1208 (24.1) <0.001
First rhythm
Nonshockable 1023 (77.3) 1013 (80.3) 793 (78.6) 1079 (75.7) 3908 (77.8)
Shockable 301 (22.7) 249 (19.7) 216 (21.4) 346 (24.3) 1112 (22.2) 0.03
EMS response time
Median [Q1–Q3] (min) 6.8 [5.2, 8.9] 7.2 [5.6, 9.1] 7.8 [6.2, 9.6] 8.3 [6.8, 10.4] 7.6 [5.9, 9.5] 0.07
Missing values 91 99 100 127 417
First responders response time
Median [Q1–Q3] (min) 5.0 [4.0, 6.8] 5.7 [4.5, 7.2] 6.5 [5.1, 8.2] 7.6 [6.2, 9.3] 6.2 [4.8, 8.0] 0.006
Missing values 798 781 575 952 3106
Time to defibrillation*
Median [Q1–Q3] (min) 9.2 [6.2, 16.4] 11.0 [7.1, 19.9] 11.6 [8.0, 20.7] 11.7 [8.5, 18.2] 10.9 [7.5, 18.6] 0.72
Missing values 99 72 70 142 383
Delay between EMS and first responder dispatch
Median [Q1–Q3] (min) 0.0 [0.0, 0.0] 0.0 [0.0, 0.0] 0.0 [0.0, 0.0] 0.0 [0.0, 0.0] 0.0 [0.0, 0.0] 0.47
Missing values 804 780 569 958 3111
First responder first arrivals
No 151 (28.8) 154 (32.0) 126 (29.1) 188 (39.7) 619 (32.4)
Yes 374 (71.2) 327 (68.0) 307 (70.9) 285 (60.3) 1293 (67.6) <0.001
Missing values 799 781 576 952 3108
Patients defibrillated within 5 min*
No 286 (86.4) 282 (90.7) 245 (93.2) 327 (92.4) 1140 (90.5)
Yes 45 (13.6) 29 (9.3) 18 (6.8) 27 (7.6) 119 (9.5) 0.02
Missing values 99 72 70 142 383
All results are reported as the number of patients (%) unless otherwise specified. AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; ED, emergency
department; EMS, emergency medical services; FR, first responder; LP, layperson.
*Only patients who were defibrillated (n=1642).
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of nearest fire station was associated with an increased
survival to hospital discharge following OHCA when compared
with EMS defibrillation (odds ratio [OR] 2.01 [95% confidence
interval [CI] 1.46–2.78] and OR 1.61 [95% CI 1.10–2.35],
respectively). At the long distances (1.5–2.0 miles and
>2.0 miles), survival following first responder defibrillation
did not differ from EMS defibrillation (OR 0.77 [95% CI 0.48–
1.21] and OR 0.97 [95% CI 0.67–1.41], respectively). In
adjusted analysis, first responder defibrillation remained
associated with improved survival within 1 mile and 1 to
1.5 miles compared with EMS defibrillation (OR 1.84 [95% CI
1.30–2.59] and OR 1.52 [95% CI 1.02–2.29], respectively)
while no difference between the 2 was observed at 1.5 to
2.0 miles and >2.0 miles (OR 0.72 [95% CI 0.44–1.16] and
OR 0.90 [95% CI 0.61–1.33], respectively).
A sensitivity analysis, with imputed EMS response times,
showed similar results. Compared with EMS defibrillation, first
responder defibrillation was associated with improved survival
within 1 mile and 1 to 1.5 miles (OR 1.97 [95% CI 1.39–2.78]
andOR1.71 [95%CI 1.13–2.58], respectively) with no difference
Figure 2. Survival and favorable neurological outcome according to distance to nearest fire station. Odds
ratios of survival to discharge after out-of-hospital cardiac arrest for patients defibrillated by first
responders within 1 mile, 1 to 1.5 miles, 1.5 to 2 miles, and >2 miles, and patients not defibrillated
compared with defibrillation by emergency medical services personnel (reference). A, Associations for
survival to hospital discharge. B, Associations for a favorable neurological outcome for both unadjusted and
adjusted logistic regression analyses. *Adjusted for age, sex, layperson CPR, location of arrest, witnessed
arrest status, year of arrest, and neighborhood characteristics (unemployment rate, poverty rate, and
percentage of white or other races). CI indicates confidence interval; CPR, cardiopulmonary resuscitation;
EMS, emergency medical services; OR, odds ratio.
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at 1.5 to 2.0 miles and >2.0 miles (OR 0.82 [95% CI 0.50–1.35]
and OR 1.07 [95% CI 0.71–1.61], respectively) (Figure S3).
Likewise, for patients with a witnessed arrest and a
shockable rhythm, survival following first responder defibril-
lation (n=398) was higher within 1 mile and 1 to 1.5 miles
compared with EMS defibrillation (n=327) (OR 1.98 [95% CI
1.28–3.08] and OR 1.72 [95% CI 1.03–2.87], respectively)
while no difference was observed at 1.5 to 2.0 miles and
>2.0 miles (OR 0.66 [95% CI 0.37–1.17] and OR 0.99 [95% CI
0.62–1.56], respectively) (Figure S4).
For survival with a favorable neurological outcome, first
responder defibrillation was associated with a favorable
outcome compared with EMS defibrillation within 1 mile (OR
1.82 [95% CI 1.28–2.60]) and 1 to 1.5 miles (OR 1.63 [95% CI
1.07–2.48]) of the nearest fire station in adjusted analysis
(Figure 2B).
Figure 3A shows survival to hospital discharge following
first responder or EMS defibrillation according to different
driving distances from nearest fire station. Survival following
first responder defibrillation was significantly higher at shorter
distances than longer distances (P=0.001), while survival
following EMS defibrillation did not differ according to
different driving distances (P=0.58). The results for survival
with a favorable neurological outcome showed a similar
pattern as survival at hospital discharge (Figure 3B).
Figure 4 shows survival to hospital discharge at different
driving distances from fire stations for all OHCAs in the study
population. Overall survival was higher at shortest distances
compared with the longest distances (P=0.04). There was a
trend for greater survival with favorable neurological outcome
at shorter driving distances for all OHCA patients (P=0.06)
(Figure S5).
Discussion
This study showed that OHCA patients within close proximity
to fire stations were more likely to be defibrillated by first
responders than EMS personnel. Compared with defibrillation
by EMS personnel, survival was higher when performed by
first responders within a distance of 1.5 miles of the nearest
fire station. However, survival following first responder
defibrillation did not differ from EMS defibrillation at distances
>1.5 miles to fire stations. Furthermore, overall OHCA
survival to hospital discharge was higher within shorter
distance to an OHCA site from a nearest fire station.
In North Carolina, firefighters function as first responders
dispatched to medical emergencies in addition to responding
to fire emergencies, doing inspections, and providing educa-
tion of citizens in local communities. First responder
programs have previously included different types of first
responders including laypeople, police officers, firefighters,
home care providers, and any combination thereof.7,10–12,23
While the use of different first responders for rapid defibril-
lation has been well described, it is less clear how distance
between the OHCA site and a first responder unit may relate
Figure 3. Survival to hospital discharge and favorable neuro-
logical outcome following first responder or EMS defibrillation at
different driving distances from fire stations to OHCA sites. A,
Survival to hospital discharge following first responder defibrilla-
tion (n=776) or EMS defibrillation (n=725) at different driving
distances from nearest fire station. B, Survival with a favorable
neurological outcome following first responder defibrillation
(n=776) or EMS defibrillation (n=725) at different driving
distances from nearest fire station. Logistic regression with
restricted cubic splines (knots at 1, 1.5, and 2 miles) was used to
make the models. EMS, emergency medical services; OHCA, out-
of-hospital cardiac arrest.
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to outcomes. In the present study, survival and a favorable
neurological outcome following first responder defibrillation
were higher within 1.5 miles driving distance between the
OHCA site and the nearest fire station compared with EMS
defibrillation.
In many first responder programs, the first responders are
only dispatched in the event of an OHCA.7,10,24–27 Identifying a
medical emergency as an OHCA instead of another condition
(eg, seizure) can cause a delay before dispatch of first
responders who are only dispatched to OHCA events and not
other medical emergencies.24,26–29 Such delays may poten-
tially reduce the effectiveness of first responders and can be
difficult to shortenwithout increasing the risk of dispatching the
first responders to non-OHCA situations.30 In the present study,
a dispatch delay between first responders and EMS personnel
was not observed. This could be explained by the fact that the
firefighter first responders in North Carolina are dispatched to
manymedical emergencies (not only OHCAs) to assist and treat
the patient before the arrival of EMS, limiting the problem with
identifying OHCA cases at dispatch centers. Similarly, rates of
first responder arrivals before EMS were high compared with
other studies, especially at the shortest distances from fire
stations (71.2%).24,27 The principle of dispatching firefighter
first responders to many medical emergencies could explain
some of the efficacy of the firefighter first responders in North
Carolina and could be considered when organizing prehospital
systems of OHCA care.9
All firefighters in North Carolina are educated to perform
basic life support and to provide basic treatment in the event
of medical emergencies, which is likely to decrease the time
before an AED is applied and shock is delivered.31,32 Finally,
the firefighter first responders are available 24 hours a day to
respond promptly to fire and medical emergencies and have
the option to use a siren when driving, potentially bypassing
traffic.
In the present study, EMS were more likely to be the first
to defibrillate the patient at longer driving distances than at
shorter distances. However, at distances >2 miles first
responders were still the first to defibrillate the OHCA patient
in almost half of cases. Furthermore, survival following first
responder defibrillation at distances >2 miles was compara-
ble to survival following EMS defibrillation. Consequently, our
results demonstrate that first responders can still help
provide early defibrillation at longer distances, especially in
areas with long EMS response times.
Most OHCAs occur in residential locations where survival
rates following OHCA are lower than at public locations.33
Other first responder programs have shown that first
responders were more likely to arrive before EMS in
residential locations, potentially improving outcomes in such
locations.7,26 In our study, OHCAs that were closer to fire
stations were more likely to be in public locations than at
longer distances to the fire stations. Consequently, the
placement of fire stations favored optimal response to OHCAs
in public locations, potentially limiting the benefit of first
responder defibrillation in residential locations.
Bystander CPR delays the time to when an initial shockable
rhythm deteriorates to a nonshockable rhythm that makes
defibrillation less likely.5,6,34 Thus, prompt initiation of CPR in
the event of an OHCA is essential to improve the chance of
and efficacy of early defibrillation. In this study, layperson CPR
rates were lower for OHCAs within 1 mile of fire stations
compared with OHCAs where the distance to the nearest fire
station was >1 mile. This could lower the chance of early
defibrillation and survival following OHCA. However, our
adjusted results did not change our conclusions from the
unadjusted logistic regression results. When comparing the
layperson CPR rates in the present study with other studies,
additional improvements in bystander CPR might be achiev-
able and offer a potential to further increase early defibrilla-
tion and improve survival following OHCA.10,35
Limitations
Several limitations to our study should be considered when
interpreting the results. Because of the observational design,
associations do not mean causal relations. Furthermore, we
Figure 4. Overall out-of-hospital cardiac arrest survival to
hospital discharge at different driving distances from fire stations
to OHCA sites. Overall survival for all OHCA patients (n=5020) to
hospital discharge according to driving distance from nearest fire
station to the OHCA site. Logistic regression with restricted cubic
splines (knots at 1, 1.5, and 2 miles) was used to make the
model. OHCA indicates out-of-hospital cardiac arrest.
DOI: 10.1161/JAHA.118.008771 Journal of the American Heart Association 8
Distance From Fire Station and Survival of OHCA Hansen et al
O
R
IG
IN
A
L
R
E
S
E
A
R
C
H
D
ow
nloaded from
 http://ahajournals.org by on January 23, 2019
cannot exclude residual confounding related to the different
driving distances that might affect our results even though our
adjusted analysis did not change our conclusions. However, if
there was residual confounding, we might expect survival
following EMS defibrillation to also differ based on distance
from fire stations, which we did not observe.
Our study did not have information on where exactly the
firefighters were when they were dispatched to the OHCA
sites. However, data from Durham Fire Department
showed that the firefighters in most cases (96%) responded
from fire stations during the study period. If the location of the
firefighter first responders was not at or in close proximity to
the different fire stations when dispatched but instead on the
road, that would have moved our results towards the
null. Consequently, the true association of driving distances
of first responders may well be stronger than found in this
study.
We did not have information on police officer first
responders during the study period. We consulted local EMS
authorities, who confirmed that early defibrillation performed
by police first responders was minimal during the study
period. Again, if early defibrillation by police officers was
indeed significant during the study period, that would move
our results towards the null as the police officers usually are
on the road and not related to fire station locations, similar to
EMS personnel.
For this study, only fire stations staffed 24 hours per day
and 7 days per week were considered. As such, our results do
not necessarily apply to communities covered by volunteer
fire departments where the fire stations are not consistently
staffed. In such communities, the driving distance optimal
ranges for the first responders are likely to be shorter.
Our study had a proportion of missing values on time
estimates primarily because of response times being supple-
mental to the data collection in the CARES registry. An
adjusted logistic regression sensitivity analysis with imputed
EMS missing response times did not change our conclusions.
Conclusion
Compared with EMS defibrillation, driving distances from
nearest fire station to an OHCA site shorter than 1.5 miles
were associated with improved survival and a favorable
neurological outcome following first responder defibrillation.
Furthermore, overall survival following OHCA was higher
within 1.5 miles of the nearest fire station. These results
highlight the critical role of first responders, and their
distances to scenes of cardiac arrests, in the United States.
Locations of fire stations and first responder units should be
considered when organizing prehospital systems of cardiac
arrest care.
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Table S1. List of fire stations staffed 24 hours per day and 7 days per week.  
County Name Address Note 
WAKE Cary+G2:I45 #8 408 Mills Park Dr 
 
WAKE Hopkins 8933 Fowler Rd 
 
WAKE Wendell  #2 6529 Bethany Church Rd 
 
WAKE Wake-New Hope #2 4909 Watkins Rd 
 
WAKE Rolesville 104 E. Young St Only staffed after 
2012 
WAKE Wake Forest #1 420 E. Elm Av 
 
WAKE Bay Leaf #1 11713 Six Forks Rd 
 
WAKE Cary #9 875 SE Maynard Rd 
 
WAKE Morrisville #3 6900 Carpenter Fire Station Rd 
 
WAKE Morrisville #1 200 Town Hall Dr 
 
WAKE Apex #2 3045 New Hill Holleman Rd 
 
WAKE Apex #1 210 N. Salem St 
 
WAKE Fuquay-Varina #1 301 S. Fuquay Ave 
 
WAKE Fuquay-Varina #2 5617 Hilltop Rd 
 
WAKE Garner #2 9115 Sauls Rd 
 
WAKE Fairview #2 7401 Ten-Ten Rd 
 
WAKE Fairview #1 4501 Ten-Ten Rd 
 
WAKE Cary #4 1401 Old Apex Rd 
 
WAKE Cary #1 1501 N. Harrison Ave 
 
WAKE RDU CFR 1050 Rescue Ct 
 
WAKE RFD #23 8312 Pinecrest Rd 
 
WAKE RFD #17 4601 Pleasant Valley Rd 
 
WAKE RFD #14 4220 Lake Boone Tr 
 
WAKE Western Wake #1 4021 District Dr 
 
WAKE RFD #8 5001 Western Blvd 
 
WAKE RFD #20 1721 Trailwood Dr 
 
WAKE RFD #2 263 Pecan Rd 
 
WAKE Garner #1 503 W. Main St 
 
WAKE RFD #3 13 S. East St 
 
WAKE RFD #6 2601 Fairview Rd 
 
WAKE RFD #7 2100 Glascock St 
 
WAKE RFD #12 3409 Poole Rd 
 
WAKE Eastern Wake #1 4828 Clifton Rd 
 
WAKE Eastern Wake #2 401 Hester St 
 
WAKE Wendell  #1 2960 Wendell Blvd 
 
WAKE Zebulon 113 E. Vance St 
 
WAKE Stony Hill #1 7045 Stony Hill Rd 
 
WAKE Stony Hill #2 15633 New Light Rd 
 
WAKE Bay Leaf #2 13116 Norwood Rd 
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WAKE Durham Highway #1 11905 Norwood Rd 
 
WAKE RFD #18 8200 Morgans Way 
 
WAKE Bay Leaf #3 1431 Lynn Rd 
 
WAKE RFD #9 4465 Six Forks Rd 
 
WAKE RFD #4 121 Northway Ct 
 
WAKE RFD #11 2925 Glenridge Rd 
 
WAKE Wake-New Hope #1 4615 St. James Church Rd 
 
WAKE RFD #19 4209 Spring Forest Rd 
 
WAKE Swift Creek 6000 Holly Springs Rd 
 
WAKE Cary #3 1807 Kildaire Farm Rd 
 
WAKE RFD #15 1815 Spring Forest Rd 
 
WAKE RFD #16 5225 Lead Mine Rd 
 
WAKE RFD #1 220 S. Dawson St 
 
WAKE Garner #3 1695 Timber Dr 
 
WAKE RFD #21 2651 Southall Rd 
 
WAKE RFD #22 9350 Durant Rd 
 
WAKE Morrisville #2 10632 Chapel Hill Rd 
 
WAKE Cary #6 3609 Ten Ten Rd 
 
WAKE Wake Forest #2 9925 Ligon Mill Rd 
 
WAKE RFD #24 10440 Fossil Creek Ct 
 
WAKE RFD #25 2740 Wakefield Crossing 
 
WAKE Fuquay-Varina #3 2474 Bud Lipscomb Rd 
 
WAKE Knightdale Pub Safety #2 306 Robertson Rd 
 
WAKE RFD #26 3929 Barwell Rd 
 
WAKE Holly Springs #1 700 Flint Point Ln 
 
WAKE Holly Springs #2 1140 Avent Ferry Rd 
 
WAKE KNIGHTDALE PUB SAFETY 
#1 
967 STEEPLE SQUARE CT 
 
WAKE Cary #7 6900 Carpenter Fire Station Rd 
 
WAKE Wake Forest #3 1412 Forestville Rd 
 
WAKE Holly Springs #3 4104 FRIENDSHIP RD 
 
WAKE Garner #4 125 Spaceway Ct 
 
WAKE RFD #29 12117 Leesville Rd 
 
DURHAM DCO 85 4200 FARRINGTON RD 
 
DURHAM DFD 4 1818 RIDDLE RD 
 
DURHAM DFD 5 2212 CHAPEL HILL RD 
 
DURHAM DFD 7 3919 N DUKE ST 
 
DURHAM DFD 13 2901 S MIAMI BVD 
 
DURHAM DFD 15 2060 TORREDGE RD 
 
DURHAM New Hope 4012 WHITFIELD RD 
 
DURHAM Chapel Hill 2 1003 S HAMILTON RD 
 
DURHAM DFD 2 1001 NINTH ST 
 
DURHAM DFD 8 225 LICK CREEK LN 
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DURHAM Morrisville 2 10632 CHAPEL HILL RD 
 
DURHAM DCO 84 7305 LEESVILLE RD 
 
DURHAM DCO 81 4716 OLD PAGE RD 
 
DURHAM Redwood 1 4901 CHEEK RD 
 
DURHAM DFD 6 3700 SWARTHMORE DR 
 
DURHAM DFD 11 2800 W CORNWALLIS RD 
 
DURHAM DCO 83 1409 SEATON RD 
 
DURHAM DFD 3 822 N MIAMI BL 
 
DURHAM Lebanon 1 7900 RUSSELL RD 
 
DURHAM DFD 16 6303 FARRINGTON RD 
 
DURHAM Raleigh 24 10440 FOSSIL CREEK CT 
 
DURHAM DCO 82 1724 S MIAMI BLVD 
 
DURHAM DFD 1 139 E MORGAN ST 
 
DURHAM DFD 10 1805 COLEMILL RD 
 
DURHAM DFD 12 1230 CARPENTER 
FLETCHER RD 
 
DURHAM DFD 14 1327 UMSTEAD RD 
 
DURHAM DFD 9 2012 E CLUB BL 
 
DURHAM Bahama 1 1814 BAHAMA RD 
 
DURHAM Chapel Hill 3 1615 E FRANKLIN ST 
 
MECKLENBURG DAVIDSON VFD 216 S MAIN ST 
 
MECKLENBURG HUNTERSVILLE VFD #2 15600 BEATTIES FORD RD 
 
MECKLENBURG HUNTERSVILLE VFD #1 110 S OLD STATESVILLE RD 
 
MECKLENBURG CAROLINA VFD 9937 PROVIDENCE RD 
 
MECKLENBURG HUNTERSVILLE VFD #3 13423 EASTFIELD RD 
 
MECKLENBURG FIRE STATION 13 4337 Glenwood Dr 
 
MECKLENBURG FIRE STATION 20 9400 Nations Ford Rd 
 
MECKLENBURG FIRE STATION 30 4707 Belle-Oaks Dr 
 
MECKLENBURG FIRE STATION 26 9231 S Tryon St 
 
MECKLENBURG FIRE STATION 21 1023 Little Rock Rd 
 
MECKLENBURG FIRE STATION 17 5308 Morris Field Dr 
 
MECKLENBURG FIRE STATION 3 6512 Monroe Rd 
 
MECKLENBURG FIRE STATION 9 4529 McKee Rd 
 
MECKLENBURG FIRE STATION 19 1016 Sardis Ln 
 
MECKLENBURG FIRE STATION 14 114 N Sharon Amity Rd 
 
MECKLENBURG FIRE STATION 29 2121 Margaret Wallace Rd 
 
MECKLENBURG FIRE STATION 27 111 Ken Hoffman Dr 
 
MECKLENBURG FIRE STATION 11 620 W 28th St 
 
MECKLENBURG FIRE STATION 7 3210 N Davidson St 
 
MECKLENBURG FIRE STATION 8 1201 The Plaza 
 
MECKLENBURG FIRE STATION 6 249 S Laurel Av 
 
MECKLENBURG FIRE STATION 5 224  Wesley Heights Wy 
 
MECKLENBURG FIRE STATION 4 525 N Church St 
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MECKLENBURG FIRE STATION 18 2337 Keller Av 
 
MECKLENBURG FIRE STATION 15 3617 Frontenac Av 
 
MECKLENBURG FIRE STATION 22 1917 W Sugar Creek Rd 
 
MECKLENBURG FIRE STATION 1 221 N Myers St 
 
MECKLENBURG FIRE STATION 23 7400 E W T Harris Bv 
 
MECKLENBURG FIRE STATION 28 8031 Old Statesville Rd 
 
MECKLENBURG FIRE STATION 16 6623 Park South Dr 
 
MECKLENBURG FIRE STATION 12 420 Inwood Dr 
 
MECKLENBURG FIRE STATION 2 1817 South Bv 
 
MECKLENBURG FIRE STATION 24 7132 Pineville-Matthews Rd 
 
MECKLENBURG FIRE STATION 31 3820 Ridge Rd 
 
MECKLENBURG FIRE STATION 33 2001 Mt Holly-Huntersville Rd 
 
MECKLENBURG FIRE STATION 34 2824 Rocky River Rd 
 
MECKLENBURG FIRE STATION 35 1120 Pavilion Bv 
 
MECKLENBURG FIRE STATION 32 9225 Bryant Farms Rd 
 
MECKLENBURG FIRE STATION 25 6741 Pleasant Grove Rd 
 
MECKLENBURG FIRE STATION 36 2325 W Mallard Creek Church 
Rd 
 
MECKLENBURG FIRE STATION 10 2810 Wilkinson Bv 
 
MECKLENBURG FIRE STATION 37 13828 S Tryon St 
 
MECKLENBURG FIRE STATION 38 12100 Shopton Rd West 
 
MECKLENBURG FIRE STATION 39 8325 Providence Rd 
 
MECKLENBURG FIRE STATION 40 9720 Harrisburg Rd 
 
MECKLENBURG FIRE STATION 42 (UC) 5620 Central Av 
 
MECKLENBURG FIRE STATION 41 5740 West Bv 
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Figure S1. Map of Durham county with fire stations, simulated out-of-hospital cardiac arrests 
(randomly generated points), and nearest driving distance routes. 
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Figure S2. Out-of-hospital cardiac arrest survival to hospital discharge at different driving distances from 
fire stations according to whether the patient was defibrillated by first responders or EMS.
 
Survival to hospital discharge following first-responder (n=776) or emergency medical services (EMS) 
(n=725) personnel defibrillation at different driving distances from nearest fire station to the OHCA site. 
Logistic regression with restricted cubic splines (knots at 10th, 50th, and 90th percentiles) was used to make 
the model. 
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Figure S3. Imputation analysis: Out-of-hospital cardiac arrest survival following first responder 
defibrillation at different driving distances from fire stations to OHCA sites compared with EMS 
defibrillation.  
 
Results of a sensitivity analysis using multiple imputation with 100 imputed datasets for handling missing 
EMS response times. Odds ratios of survival to discharge after out-of-hospital cardiac arrest are shown for 
patients defibrillated by first responders within 1 mile, 1-1.5 miles, 1.5-2 miles, and above 2 miles 
compared with defibrillation by emergency medical services personnel.  
* Adjusted for age, sex, layperson CPR, location of arrest, year of arrest, neighborhood characteristics 
(unemployment rate, poverty rate, and percentage of white or other races), and response time. 
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Figure S4. Out-of-hospital cardiac arrest survival following first responder defibrillation at different 
driving distances from fire stations to OHCA sites compared with EMS defibrillation for patients with 
witnessed arrest and a shockable heart rhythm.  
 
 
 
Odds ratios of survival to discharge after out-of-hospital cardiac arrest for patients defibrillated by first 
responders (n=398) within 1 mile, 1-1.5 miles, 1.5-2 miles, and above 2 miles compared with defibrillation 
by emergency medical services personnel (reference, n=327)).  
* Adjusted for age, sex, layperson CPR, location of arrest, year of arrest, and neighborhood characteristics 
(unemployment rate, poverty rate, and percentage of white or other races). 
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Figure S5. Overall out-of-hospital cardiac arrest favorable neurological outcome at different driving 
distances from fire stations to OHCA sites. 
 
Overall favorable neurological outcome for all patients (n=5,020) at hospital discharge according to driving 
distance from nearest fire station to OHCA site. Logistic regression with restricted cubis splines (knots at 1 
mile, 1.5 miles, and 2 miles) was used to make the model. 
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